Abstract
Introduction

46
The potential of microbial species to stimulate precipitation of carbonates is well known in 47 various natural environments, including soils, geological formations, oceans, and saline 48 lakes (Boquet et al. 1973 ). This bio-mediated process is known as microbially induced 49 carbonate precipitation (MICP). The ability of these bacteria to precipitate carbonates has 
89
This study aims to establish a rapid laboratory protocol designed to identify, using cultures 
Materials and Methods
97
Sampling and Storage
98
The landfill (31°14ʹ18.31"N 120°33'3.09"E) is located in Suzhou, Jiangsu, China. The 99 regional limestone geology is described in full in (Rajasekar et al., 2018) 
Isolation and identification of bacterial isolates
108
A detailed investigation of the bacterial consortia at the case study landfill site was carried For this study, bacterial isolates were obtained using the following procedure. Raw and 112 fresh leachate samples with serial dilutions were spread onto nutrient agar (hopebio,
113
Qingdao, China) and incubated at 30°C for 24 hours until visible colonies were obtained.
114
The bacterial isolates were purified by repeated streaking and then transferred into nutrient 115 broth (BD, Difco TM , USA). The spread plate method was also used for bacterial isolation 116 from an undiluted 100µl groundwater aliquot and the isolates were purified by repeated 
135
Urease activity assay 136 The isolates were tested for urease activity on urea agar media using the method described The initial pH was 9.1 and adjust to pH 7.5 with HCl. Calcium chloride solution was 1500× to allow the identification of crystals formed due to biomineralisation. Due to the 164 low magnification used, no charging errors were recorded during imaging.
165
X-ray powder diffraction (XRD) analysis
166
A powder sample was created by scraping reside from the filter papers using a sterile razor 167 blade directly onto the sample holder of the X-ray diffractometer (Advanced D8, Bruker,
168
Germany). The upper surface was then carefully flattened using a glass slide. The sample 169 holder was rotated during measurement to ensure good sampling of the crystal lattices 170 within the powder sample.
171
Carbonate titration analysis
172
The total carbonate present in the residue on each filter was quantified using titration SZH2015_A was found to be decreasing after 120 hours, which was not observed in any
198
of the other bacterial isolates (Fig. 1 A) . In the abiotic control, pH increased steadily from observed in certain crystals from bacterial isolates (Fig. 3 A & B) . In some cases, evidence 205 was observed of direct bacteria-crystal contacts. Fig. 3B shows elongate pits on the surface 206 of a crystal. Fig. 2E shows the growth of micro crystals on the surface of a calcite crystal.
207
Two different types of crystal fusion were observed in Fig. 2A and Fig. 3A which has the 208 potential of resulting in the formation of one larger crystal.
209
XRD analysis
210
XRD spectra indicated the primary component of all the precipitates was Calcite, although 211 Vaterite was detected in some cases as well.
212
Carbonate quantification 213 Comparison between the urease activities of the isolates was determined using carbonate The maximum pH measurements for all of the bacterial isolates exceeded that of the blank 223 ( Fig. 1 A&B) (Fig. 1 A) . This was probably due to the different adaptation time 
249
A similar trend was also observed with the bacteria isolated from leachate after 48 hours
250
( Fig. 1 A) The pH values from this study can be explained using the theory proposed by (Sanchez- Achal and Pan 2014) and it is attributed to the very slow hydrolysis of urea which is 280 speculated to be 10 14 slower than a biotic hydrolysis of urea.
281
The presence of bacteria can induce the precipitation of minerals in microenvironments by 
304
Fused spherical crystals were observed in Bacillus licheniformis SZH2015_A ( Fig. 2A ) &
305
Bacillus aerius rawirorabr15 (Fig. 2E) permeability, but not to the extent of a fully interlocking crystalline structure.
317
Bacterial imprints were also identified on the surface of calcite crystals for Sphingopyxis 318 sp. szh_adharsh (Fig. 3B) . These results suggested that the bacteria might serve as calcite forms were observed in the blank sample (Fig. 3F) .
326
X-Ray diffraction (XRD) analysis
327
XRD analysis was used to measure the composition, structure and microstructure of the reported that precipitation of calcite and vaterite were also influenced by the bacteria and 333 the carbonate precipitation media. To our knowledge, our study indicates that bacteria 334 rather than calcium chloride caused differences in the morphology of calcium carbonate 335 polymorphs (Fig. 4 & 5 showing the precipitation performance of a range of newly identified bacterial strains.
366
Analysis of the microbially induced calcium carbonate produced was achieved using a promote carbonate precipitation, it does not appear to be the sole determining factor of the 372 amount of carbonate that will be precipitated. This approach makes it ideal for 373 biostimulation of these bacteria in the landfill for environmental remediation purposes.
374
Therefore, the authors hope that the findings from this study will potentially lead to an Table 1 . Details of the 16S rRNA gene sequences retrieved from bacteria isolated from Landfill raw and fresh leachates and groundwater, respectively. 143x186mm (300 x 300 DPI)
